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administration. Preliminary investigations of the mode of transport of microgram amounts of these lanthanons complexed with sodium citrate are also described. At a mole ratio of 1000:1 citrate to lanthanon, the distribution is similar to that previously found following intramuscular administration.
It is ]X)Stulated that following the introduction of microgram amounts of lanthanon-citrate into the blood stream, the citrate complex is destroyed and the lanthanon recomplexed by one of the plasma proteins.
The distribution studies at postinjection intervals from one minute to 24 hours shov.red that the rate of disappearance of intravenously administered lanthanons is dependent on the rate o£ circulation in the target organ; the greater liver deposition of the light lanthanons, and the greater skeletal deposition of the heavy lanthanons are apparent as early as 1 min after intravenous injection; both the liver and the skeleton are capable of accumulating lantha~ons against a rather large concentration gradient. The urinary excretion rate of the lanthanons is dependent on the plasma level, i, e. , the kidney does not seem to be able to excrete lanthanons against a concentration gradient.
INTRODUCTION
The deposition of intramuscularly administered high-spe·cific-activity citrate complexes of lanthanon radioisotopes has been investigated by Durbin 1 et al.
It was shown that, on the basis of their metabolic oehavior, the lanthanons could be separated roughly into three groups: the light group, lanthanum through sam.arium, which are deposited primarily in the liver and excreted in the feces; the transition group, europium: ar.d gadolbium, which
are deposited approximately equally in liver and skeleton; and the heavy lanthanons, terbium through lutetium, which are 'deposited almost entirely in the skeleton and excreted largely in the urine.
Short-term studies (one and four days) were presented for radioisotopes of all 15 lanthanons. In all cases, extraskeletal lanthanon is quite rapidly excreted, with a half time of about 15 days.· Regardless of the amount of any individual lanthanon initially deposited in the skeleton, elimination from this site occurs very slowly, with a half time of 2. 5 years or more. Long-144 147 154 160 170 term data were presented for Ce , Pm , Eu · , Tb , and Tm , because their radioactive half lives are sufficiently long to permit investigations of several months' duration.
Current interest in the chemistry of the lanthanons and the possible therapeutic applications of their radioisotopes provided the impetus for further study of the interactions of the lanthanons with biological. systems.
It is hoped that the experiments discussed here will provide some background for investigation of the interesting differences in the metabolic behavior of the light and heavy lanthanons. In the pilot study described in the next paragraph, the isotopes were prepared with sufficient sodium citrate to obtain a mole ratio of 1000 to 1 (1 mg sodium citrate per microgram of lanthanon). It was expected that at pH = 7 the use of such a large mole ratio of complexing agent to lanthanon carrier would prevent the formation of aggregates of larger than crystalloidal dimensions.
In order to insure that the results of the experiments described here would be entirely comparable to the intramuscular studies previously reported, one -day tracer studies were conducted with intravenously administered longlived radioisotopes of the four lanthanons: cerium, europium, terbium, and thulium. These four lanthanons were considered representative of the series, and all the studies in this paper are restricted to them. 
Results and Discussion
The excretionpattern and tissue distribution 24 hours after intravenous administration of citrate complexes of these-four radiolanthanons, as shown in 
THE TRANSPORT OF MICROGRAM AMOUNTS OF THE LANTHANONS IN THE BLOOD STREAM
It is of interest to investigate how microgram amounts of lanthanons are transported in the blood.
Methods
Small volumes (0.1 ml) of the citrated lanthanon preparations described above were mixed with 2 7 ml portions of heparinized rat plasma. After thorough mixing, the solutions were placed in cellophane bags (sausage casing) and dialyzed for two hours against 250 ml of isotonic saline. The external saline was assayed. The proteins were separated by "salting out" the globulinfibrinogen and albumin fractions with half -saturated and saturated (NH 4 ) 2 SO 4 , respectively. The proteins in a second set of plasma-lanthanon mixtures were separated, without preliminary dialysis, by salting out the globulin-fibrinogen with saturated NaCl and then precipitating the albumin with dilute acid and heat. A third set of plasma-lanthanon mixtures were dialyzed against several changes of deionized water (2 liters in all) for five days to precipitate the waterinsoluble fibrinogen and euglobulin. Because of the large volume, the radioactivity in the dialyzates was estimated by difference. The lighter watersoluble globulins and albumin were coagulated with acid and heat as above.
Because of the high mass content of the samples obtained in the saltingout procedures, all samples and the standard aliqt10ts were placed in tin bottle caps, diluted to a standard 10 ml with water, and assayed* with a Nai- It seems that the proteins in 1 ml of rat plasma can complex 1.5 J.Lg of europium 154 . . (0. 01 J.Lmole of lanthanon). The passag.e of Eu through the cellophane membrane provides evidence for the small size of the lanthanon-citrate entity.
Ver:y little of either the Ce 144 or T.m 170 was transported away from the plasma via the membrane after two hours of dialysis against isotonic saline.
The presence of more than 50o/o of all three radiolanthanons in the proteinfree fraction after fractionation of the proteins with ammonium sulfate is most disturbing, unless it is assumed that the salting-out procedure alters the lanthanon-binding capacity in some manner.
If the total blood volume is 7o/o of the body weight, and the hematocrit is 0.43, the total plasma volume ofa 25-0-g rat is 10 ml--a volume capable of complexing approximately 15 J.Lg (0 .10 J.1ffi01e) of lanthanon.
The following mechanism is postulated for the fate of very small amounts of lanthanon-citrate in the blood stream of the intact animal:
Lanthanon-citrate + plasma protein --'----~ lanthanon-plasma protein + citrate. 
UCRL-3191 TIME STUDIES OF THE DISAPPEARANCE OF MICROGRAM AMOUNTS OF THE LANTHANONS FROM THE PLASMA AND OF DEPOSITION IN THE TARGET ORGANS
In these time studies, experimental conditions, radioisotope dosages, and · the amounts of carrier and sodium. citrate· were the same as in the pilot intravenous study.
Methods
LotS: of 45 to 50 rats (mean body weight 235 g) received intravenous injections of one of the four isotopes t~sted._ The volume of solution injected was 0.2 ml and was given in no more than 2. sec For the shorter time inter- rats were housed individually in metap,olism cages, and excretions were collected 30, 60, 90, 120, and 240 min after injection. The animals were sacrificed in groups of five or six at intervals of 1, ·3, 5, 15, 30, 60, 90, 120, and 240 min postinjection, with the one-day piLot study serving as a 1440-min intervaL Under ether anesthesia, a blood sample was. drawn from the inferior vena cava in a 20-sec time period into a hepariniz.ed syringe. Immediately after the blood sample was taken, the animals were sacrificed by decapitation, and the liver, bone, and (in certain cases) Ill.Uscle of the right hind leg were taken for assay. The blood samples were transfe~.red to heavy-walled 12-ml centrifuge cones and centrifuged for 30 min in an International clinical centrifuge.
Plasma samples of m~asured volume ~ere. withdrawn and assayed. Samples of whole blood were occasionally taken prior to centrifugation to determine the lanthanon concentration of the red blo.od cells.
The percent of administered isotope in the total plasma was calculated for each time interval as follows:
isotope in total plasma= %/ml isotope x g body wt x ml plasma/g body wt hematocrit
The hematocrit was determined on 41 rats with a mean of 0.43 ± 0.004. The blood volume of 6. 7o/o body weight was used in these calculations.
1
The total skeletal isotope was calculated_ as follows:
total skeletal isotope= o/o/g leg bones x g body wt x g bone/g body wt.
The body weight and the percent lanthanon per gram of wet bone were determined by direct measurement. The weight o{ bone per gram of body weight UCRL-3191 was based on 36.6 ± 0.7%, a previous determination of the ash content of adult rat bone 10 and the ash weights of th'e entire skeletons of 30 adult rats. On this basis, the skeleton of the adult female Sprague-Dawley rat constitutes 9.0 ± 0.08% of the total body weight. The total weight of muscle was taken as 45% of the body weight. 8
Results and Discussion Because of the number and complexity of the processes involved, curves of this nature are at best difficult to interpret. Graphic analysis of the components of curves of continually changing slope is also subject to some uncer-. UCRL-3191
,.. : 11. 5.
The change with time in the distribution of Ce 144 in skeleton, liver, and total plasma, and the total isotope in these three tissueo,;" Each bar is the mean for five rats. Calculation of total plasma volume and skeletal weight is described in the text. liver, and total plasma, and the total isotope in these three tissues. Each bar is the mean for five rats. Calculation of total plasma volume and skeletal weight is described in the text. liver, and total plasma, and the total isotope in these three tissues. Each bar is the mean for five rats. Calculation of total plasma volume and skeletal weight is described in the text. that the method employed in the determination of the red blood cell" concentration--measurement of the difference in concentrations of plasma and whole blood--does not differentiate between radioactivity inside of or merely adsorbed onto the surface of the red cells. The blood. trapped in the muscle introduces a small but constant error. The ratios of plasma to muscle would seem to be the more reliable. 
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